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Abstract 
Phosphorus is a non-substitutable component in all living plants and organisms and thus a crucial element in the food chain. The use of 
fertilizers derived from phosphate rock has made increases in food production possible and reduced malnourishment since the mid-20th 
century. Recent worries about a future shortage of phosphorus have sparked a debate over the lifespan of existing reserves. In this article, 
the author focuses on improved management of the phosphorus we have access to, and argue the case that halting present wastage of 
phosphorus and reuse/recycling nutrients in waste products can make phosphorus (almost) limitless.  
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1. Introduction 
An important discussion is presently taking place about phosphate rock resources and its possible impacts on future food 
security. In 1798, Malthus took the view that occasional starvation would reestablish the balance between the number of 
mouths to feed and food production [1]. Today, we find this solution unethical and search for technical, economic and social 
measures to improve food production and avoid disasters. The market for phosphorus (P) is, like all other essential natural 
resources, affected by supply and demand. The main focus has been on the supply of P. Estimates of existing reserves are 
inherently guesswork and will depend on perceptions about technological advances and future willingness to pay for the 
resource [2]. However, all seem to agree on the need to gather data and share knowledge in order to improve the planning 
for the future. 
 A global perspective on resources and the human impacts is just about to emerge. There is a growing awareness that 
‘business as usual’ is not sustainable when there are close to 10 billion people on earth. Figure 1 indicates how the gap 
between demand and supply of P has developed over the previous century and anticipated evolution this century [3]. Even if 
the supply of rock P could be increased substantially there is still a long-term deficit. There is thus no escape from reducing 
the demand by improved efficiency in all sectors and reuse and recycling of waste products containing P. 
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Securing a sustainable phosphorus future
Source: Cordell et al., 2009
Figure 1.  Actual (1900 – 2010) and anticipated global demand and supply of phosphorus [3] 
In this article the focus is on demand management of P. Demand for P increases as population and their income increase. 
In addition, wastage in the phosphorus-use chain has increased, in particular ‘from farm to fork’. Parfitt et al. [4] concluded 
that available data suggest that between 10 – 40 per cent of the total amount of food produced is wasted, but data are quite 
uncertain, and figures up to 50 per cent have been cited. This means that up to half of the mined phosphate for this purpose 
is wasted – if not recovered from the bio-waste. If so, the P rock reserves intended for the corresponding food production 
would last up to twice as long. Another important demand-side measure is to recycle the P in eaten and excreted food back 
to the field or garden. If, say 75%, of the P is recovered and returned to agriculture, the P reserves used for the 
corresponding food production would last us four times longer than in a status quo scenario. These rough figures indicate 
that there is good scope to gain time before hunger afflicts humans. This grace period could – and should - be used for 
improving efficiency in the sector to reduce demand and prolong supply of rock P. 
2. We are not alone anymore 
Individual choices and routines do count when we are 7 or 9 billion people on earth.  An emerging understanding is that 
global challenges may have irreversible impacts on the status of our planet. Scientists are now considering if human impact 
on the globe is so dramatic that the total effect of deforestation, phosphorus discharges to oceans, emissions of carbon 
dioxide etc. may push the planet out of a resilient equilibrium to a new equilibrium (Fig. 2) which is undesirable for human 
life [5]. Already, humanity has used up some of the planet´s buffering capacity. Nature´s response may be irreversible 
melting of the Arctic ice cap within the next two centuries with a raised water level of 7 meters. Another scenario is that 
deforestation and global warming may turn the Amazonas rainforest into a savannah with dramatic consequences for the 
planet. Can an improved management of P and bio-waste contribute to earth’s buffering capacity? 
230   Jan-Olof Drangert /  Procedia Engineering  46 ( 2012 )  228 – 233 
Figure 2. The planet´s resilience and disturbed equilibrium [5] 
The agricultural sector has the largest impact on P use and misuse, but is not in focus here. The water and organic waste 
sectors are part of the global challenge, and they have to reduce discharges and wastages of fresh water, nutrients such as 
phosphorus and nitrogen, and energy. Utilities should have a sustainability mandate to alert the health authorities and 
environmental protection agencies on what chemicals, nutrients and other products they cannot manage or recycle. In the 
end, the responsibility to enhance the situation should be with the manufacturers rather than the utility - by designing 
biodegradable products that can be recycled. This is an extra challenge for manufacturers, but they must take it on in order to 
protect human health and the environment. Anything less would be unethical. Only the manufacturers possess both the 
knowledge and the resources to do just that. 
3. Recycling urban phosphorus 
The first obvious approach in reducing demand for P is substitution and source control. Reducing food waste is a potent 
example. Another major P-saving measure is to replace P in detergents with alternative compounds with equally good 
washing capability. If the recent European Union ban on P in detergents is followed by other nations, the demand for rock P 
will reduce by almost 10 per cent. A second approach is to reuse the used P (and other nutrients) directly, such as collect and 
apply human urine as a fertilizer in gardens and on farms. Such usage could potentially save some 20 per cent of the total 
amount of P for food production [3]. The number of new houses to be built is very high and in the first half of this century 
more new houses will be built than the whole stock of buildings from previous centuries. This will allow us to ponder 
source-separating infrastructures, which are designed for reuse and less mixing of waste flows. The management effort starts 
at the source rather than at the end of pipe as we presently do [6]. Since most P in the wastewater is originating from human 
excreta, in particular urine, one such flow of interest would be separate urine pipes and, perhaps a separate flow of faeces, 
from bathrooms in flats and offices. Another option is a separate pipe for blackwater. Such source-separating technologies 
are available, but not commonly installed. In an effort to think of large scale city arrangements, source-separation is 
promising, not the least in comparison with current end-of-pipe treatment of wastewater. Yet, it remains a challenge to alter 
perceptions.  
A third approach is to recover and recycle phosphorus from urban waste flows. Separate collection of organic waste and 
composting provide a nutrient- and organic material-rich product for soil improvement. However, most research and 
development activities have focused on wastewater, and sludge in particular, since most of the P is concentrated to the 
sludge fraction. Methods to extract phosphorus as phosphate have been tried out with limited success. At this stage, the 
sludge-recycling processes are not economically competitive compared to the mining of phosphate rock, but the gap is 
shrinking.  
A major problem with recycling of P in sludge is that sludge contains too much heavy metals to be applied directly as a 
fertilizer. We understand that ‘what goes up must come down’. But, to argue that ‘what we produce will end up somewhere’ 
becomes more difficult. Our wish to enjoy products we produce may block our inclination to understand their fate. This 
point can be illustrated with wastewater flows. We enjoy shampoo to wash our hair, use a solvent to clean finger nails, and 
to wear a newly washed shirt, but we tend to forget that simultaneously these activities add pollutants to the wastewater. 
Altogether a normal household uses some 30,000 chemical compounds more or less regularly (Fig. 3). These turn up at the 
wastewater treatment plant (WWTP) as a chemical cocktail that the utility is expected to catch in the sludge.  
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The WWTP is not even built to sort out all these chemicals, and typically it tests 10-20 indicators to determine the 
effluent quality. Far from all compounds are hazardous, but several hundreds of them appear on the European Union watch 
list [7]. We can only hope that all compounds will adsorb to particles and be immobilized in the sludge. And rarely do we 
address the source of the pollution – our chemical society. In the 1950s manufacturers started to produce chemically 
designed household products on a large scale. Before that, we used the same biodegradable soap for washing hands, washing 
hair, bathing, washing clothes and dishes. In the 1960s foam from detergents affecting rivers and mercury in dead birds were 
the first signals of dangers ahead. Now, we live in a full-scale chemical society with little readiness to put pressure on 
manufacturers to design benign products [8]. 
Figure 3. Flows of chemical compounds through societies [6] 
Reuse and recycling of valuable resources is much easier if the waste is not polluted with chemicals. We should therefore 
focus on what we put into the tap water while using it, since the quality of the raw wastewater (= clean water + what has 
been added) decides the standard that can be achieved for the treated water and sludge. If utilities take on users - households 
and industries - as partners in protecting the wastewater quality, the prospect of recycling water and sludge content improves 
radically. Utility staff can, for instance, be watchdogs and inform government agencies as well as users of the utility´s 
limited ability to treat certain chemicals and other unwanted compounds, and hopefully the users will refrain from using 
such products. The aim is to save nature´s resources such as P for future generations and still enjoy a comfortable and 
healthy life today. 
It seems that the more visible or tangible an environmental problem is, the more prepared we are to tackle it. For instance, 
if residents know that the water they discharge is to be treated and used again by themselves - and that the utility cannot treat 
it well enough – residents are more willing to reduce the volume of unwanted/hazardous household products. They are also 
likely to support more stringent regulations for what products manufacturers are allowed to sell. For example, to ban 
phosphate in detergents to avoid algae bloom in water bodies, and to stop buying toothpaste containing the bactericide 
triclosan which is toxic to water-living organisms [8]. 
Typically, the effluent is often diluted with fresh water to reduce the concentration of pollutants. This is partly helpful to 
protect human health, but makes no difference for environmental problems, since the total load is what decides the impact. 
The risks increase over time for those chemicals which are persistent since they will accumulate. A ban on production or 
buyers´ boycott of certain products and compounds remain the cheapest and safest measure to allow for reuse and recycling 
of P. 
There is no one-time solution, however, since we detect new pathogens every year, and the manufacturers invent 
hundreds of new chemical compounds each year. Good governance requires that the society at large is as interested in 
limiting flows of harmful compounds as we are in new products to enhance quality of life in order to recycle material from 
limited resources. Globalization not only brings new products to all markets, but may also help spreading information about 
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harmful products and compounds. 
4. Contribution by the agricultural sector 
It is well-known that the agricultural sector uses most of the phosphate and also emits most greenhouse gases and releases 
most phosphorus and nitrogen to water bodies [6]. Therefore, the agricultural sector can contribute the most to reuse and 
recycle P (Figure 1 and Figure 4). An example of actions to recover P in pig manure is given here.   
Pig production units are hot-spots of plant nutrients from the pig manure. The neighbouring farmland has been over-
fertilized for long periods and phosphorus and nitrogen leakage regularly cause eutrophication in receiving water bodies. 
The challenge is to find ways to recover and divert these nutrients to land in need of these constituents.  In this sense the 
situation at piggeries resembles that of cities. 
It is relatively easy to separate pig urine and faeces and to dewater the manure at the farm. The P in pig manure is to a 
large extent found in the faeces (80%) [9] as opposed to human excreta where only 33 per cent is in the faeces. Also, the 
volume of pig urine is 40 per cent larger than that of faeces. This means that the voluminous liquid part can be applied on 
nearby phosphate-rich soils without adding too much phosphorus. The dewatered faeces are rich in most nutrients and have 
a high organic content which makes it a perfect fertiliser and soil amendment. Its small volume is likely to allow for long 
transport to areas in need of P and carbon-rich soil amendments. For instance, it would make sense to add it to poor soils in 
Northern Africa, and increase the production of vegetables and fruits there instead of growing them in energy-demanding 
green-houses in northern Europe. Such win-win arrangements are within reach.  
Figure 4.  The P flow through piggeries 
5. Changes in attitudes and understanding 
Presently, people seem to be inclined to waste resources at least in the more affluent parts of the world. The renewal of 
old ways to recycle nutrients and organic matter back to farmland and gardens is not accepted by all. Less sustainable 
policies are therefore contemplated where for example organic waste, human excreta and pig manure are incinerated and P is 
recovered from the fly ashes instead of from composts or directly from the urine and faeces. The worry of P depletion and 
more so of eutrophication of water bodies has made societies blind to the vastly better method to recycle urine, rich in all 
nutrients, and faecal matter with much needed organic material. Already a limited comparison of transport/energy budget 
shows that direct application of processed urine and faeces is more economical than incineration. The fact that direct 
application adds a full fertilizer while incineration only returns part of the phosphorus (and potassium) warrants a rethinking 
of the incineration approach.  
By reducing levels of wastage at each step of P flow from mine to toilet, the demand for rock P could potentially be 
lowered by up to 80 per cent [3] which would extend the lifetime of P rock resource by a factor five. A realistic achievement 
through source control, reuse and recycling of P in urban waste would be to double the lifetime of P. Improved management 
of P in the agricultural sector can contribute even more. Taken together, such measures would make the limited phosphorus 
resource almost limitless.  
A future-oriented scenario for town planning which takes into account the long-term efficient use of all limited natural 
resources is urgently needed. Otherwise mankind may miss a golden opportunity to design our next generation of city 
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districts and farms to incorporate reuse and recycling of waste products as a guiding principle. Farmers and fertilizer 
industry is not against this way of staying in business forever. What about other professionals?      
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